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Description
BACKGROUND
1. Technical Field

[0001] The present disclosure relates to a motor drive
controller and a method for controllably driving a motor.

2. Description of the Related Art

[0002] In order to rotate a brushless direct current
(BLDC) motor, a magnet thatis mounted on a rotor needs
to detect the movement and changes in a magnetic field
due to rotation of the rotor, and a Hall sensoris used in the
detection of the magnetic field. The Hall sensor needs to
be biased with a predetermined voltage to generate a
magnetic field detection signal from the Hall sensor.
However, if a bias voltage is unstable, the magnetic field
detection signal is directly affected and becomes un-
stable. In view of the above situation, the bias voltage
to be applied to the Hall element is generated by a
stabilization voltage source (regulator). In particular, in-
creased power consumption of a regulator causes the
temperature of a device to rise, and as a result, an
operating condition may be restricted.

[0003] For example, Patent Document 1 discloses a
control for intermittent operation of the Hall element.

[Related-Art Document]
[Patent Document]

[0004] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2016-111912

SUMMARY

[0005] Inone aspect of the present disclosure, a motor
drive controller for driving a brushless direct current (DC)
motor is provided. The motor drive controller includes:

a motor drive unit configured to drive the brushless
DC motor;

a magnetic sensor configured to detect a magnetic
field generated by rotation of the Brushless DC motor
and output the magnetic field as each of magnetic
signals; and

a bias adjustment unit configured to adjust and out-
put a bias voltage used in magnetic field detection
that is performed by the magnetic sensor. The bias
adjustment unit is configured to

adjust the bias voltage to a second voltage value
lower than a first voltage value that allows the mag-
netic sensor to detect the magneticfield, during a first
period after a phase change of the magnetic signals,
and

adjust the bias voltage to the first voltage value
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during a second period from an end of the first period
until a subsequent phase change of the magnetic
signals.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 is a diagram illustrating a configuration ex-
ample of a motor drive controller according to one
embodiment.

FIG. 2 is a diagram illustrating a signal behavior by
the motor drive controller during steady rotation in a
comparative example.

FIG. 3is a functional block diagramiillustrating a bias
adjuster according to the embodiment.

FIG. 4 is a circuit diagram illustrating a Hall bias
output unit according to the embodiment.

FIG. 5is a diagram for describing the signal behavior
during steady rotation in the motor drive controller
according to the embodiment.

FIG. 6is anoverall flowchart illustrating a bias control
according to the embodiment.

FIG. 7 is a detailed flowchart for determination of
whether to perform the bias control according to the
embodiment.

DETAILED DESCRIPTION

[0007] The inventors of this application have recog-
nized the following information in related art. In Patent
Document 1 described above, if the phase of the Hall
voltage changes at a timing at which the Hall element is
not biased in order to operate the Hall element intermit-
tently, a timing of an actual phase change cannot be
accurately detected. Although a modification circuit
has been proposed in preparation for a case that cannot
be detected in this technology, there are cases where
detection of a precise and accurate timing cannot be
assured, because corrections are made by predicting
the phase change from a rotational signal period. Also,
switching noise during an intermittent operation of the
Hall element may be superimposed on a magnetic signal.
[0008] In view of the above situation, an object of the
present disclosure is to provide a motor drive controller
that reliably detects a timing of a phase change of mag-
netic signals, and that reduces a bias current during an
unnecessary period without generating switching noise,
thereby suppressing power consumption.

[0009] Various embodiments will be described below
with reference to the drawings. In each drawing, the same
components are denoted by the same numerals, and
duplicate description may be omitted.

[0010] A configuration of a motor drive controller ac-
cording to one embodiment will be described with refer-
ence to FIGS. 1and 2. FIG. 1is a diagram illustrating the
configuration of the motor drive controller according to
the embodiment.
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[0011] Amotordrive controller 1isincorporatedinafan
motor for cooling a heat generating component such as a
processor in an electronic device, which includes, for
example, a notebook personal computer or the like. A
motor that is driven by the motor drive controller 1 is a
brushless direct current (DC) motor (BLDC) with a Hall
sensor that serves as a rotor-position detection element.
[0012] The motor drive controller 1 is a circuit that
drives a single-phase motor 5 for rotating a cooling
fan, for example. The motor drive controller 1 includes
a drive controller 10, a single-phase motor 5, and a Hall
element 6. The drive controller 10 includes a control
circuit 2, an H-bridge circuit 3, and a bias adjuster 4.
The control circuit 2 and the bias adjuster 4 may include
one or more terminals and may constitute a control in-
tegrated circuit (IC) as a semiconductor integrated circuit
for controlling a motor driver.

[0013] In the drive controller 10, the control circuit 2
includes a position detection signal generator 21, an
output controller 22, and a gate driver 23. The control
circuit 2 may also include circuits such as a PWM signal
generator and a soft-switching period generator. Hall
signals IN1 and IN2 are input to the control circuit 2 from
the Hall element 6.

[0014] The H-bridge circuit 3 functions as a motor
driver, and includes P-channel FETs M1 and M2, and
N-channel FETs M3 and M4. A P-channel FET M1 func-
tions as a first high-side switch, an N-channel-FET M4
functions as a first low-side switch, a P-channel FET M2
functions as a second high-side switch, and an N-chan-
nel FET M3 functions as a second low-side switch.
[0015] Arotorofthe single-phase motor 5 has magnets
with N and S poles, while the Hall element 6 is fixed in
place so as to detect the magnetic field of the magnets
provided in the rotor. The Hall element 6, which is a
magnetic sensor, outputs, to terminals, the Hall signals
IN1 and IN2 having voltage levels that correspond to the
strength of a detected magnetic field. The magnet rotates
with the rotation of the rotor, and the position of the rotoris
detected by the Hall element 6 by detecting a change in
the magnetic field caused by the rotation of the magnet.
Each of the Hall signals IN1 and IN2 in the present
embodiment is, for example, a sinusoidal signal whose
amplitude has a predetermined voltage level. The Hall
signals IN1 and IN2 are output to the respective terminals
ofthe control IC in the drive controller 10. The Hall signals
IN1 and IN2 are not limited to sinusoidal waves.

[0016] The bias adjuster 4 adjusts a level of a bias
current that is applied to operate the Hall element 6. The
bias adjuster 4 includes an oscillator 41, a timer 42, a
rotation stability determination unit 43, a control signal
generator 44, and a Hall bias output unit 45.

[0017] In the control circuit 2, a position-detection sig-
nal generator 21 compares the levels of the Hall signals
IN1 and IN2, and generates a frequency generation (FG)
signal (position detection signal), which is a signal whose
frequency changes according to a rotational speed of the
single-phase motor 5.
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[0018] The position detection signal generator 21 gen-
erates the FG signal. The FG signal becomes high (which
may be referredto as a"H" level) when the level of the Hall
signal IN1 becomes higherthan the level of the Hall signal
IN2, while the FG signal becomes low (which may be
referred to as a "L" level) when the level of the Hall signal
IN1 becomes lower than the level of the Hall signal IN2.
However, the position detection signal generator 21 per-
forms a switching operation of the FG signal only during a
time period in which the Hall element 6 outputs the Hall
signals, based on the output of the bias adjuster 4.
[0019] The output controller 22 generates signals for
switching the FETs M1, M2, M3, and M4 in the H-bridge
circuit 3, and outputs the signals to the gate driver 23.
[0020] The gate driver 23 controls the MOSFETs of the
H-bridge circuit 3, and changes a drive current Idr for
energizing a motor coil L in the single-phase motor 5.
Specifically, the gate driver 23 outputs gate control vol-
tages for turning on and off the gates of the FETs M1, M2,
M3, and M4 of the H-bridge circuit 3 individually.

[0021] The bias adjuster 4 is a circuit for adjusting a
bias voltage, which corresponds to the strength of an
electric field to be applied to the Hall element 6 to output,
at an appropriate timing, the Hall signals that are mag-
netic field detection signals.

<Comparative Example>

[0022] Hereinafter, a general behavior of a Hall bias in
a case where the bias adjuster 4 is not provided will be
described with reference to FIG. 2. FIG. 2 is a diagram
illustrating a signal behavior during steady rotation in the
motor drive controller in a comparative example.
[0023] Intherelated art, regardless of a state of the Hall
signals IN1 and IN2, a bias voltage having a level that
allows the Hall element to output the Hall signal outputs is
constantly applied to the Hall element.

[0024] Asanexample, when the bias voltage is applied
tothe Hall element, a condition in which the bias voltage is
1.0V from 1.3V, impedance of the Hall sensor is 200 Q to
500 Q, and the bias currentis 2 mA to 7 mA is satisfied.
[0025] For example, when a power voltage is 24 V, a
regulator output voltage is 1.3 V, and the bias currentis 5
mA, the Hall sensor consumes power of 6.5 mW, derived
from 1.3V x5mA, and the regulator output unitconsumes
power of 113.5 mW, derived from (24 V- 1.3 V) x 5 mA.
[0026] Here, if the bias voltage is unstable, a magnetic
field detection signal is directly affected and becomes
unstable, and thus the Hall element is biased by a sta-
bilization voltage source (regulator). In particular, in-
creased power consumption of the regulator causes a
temperature of a device to rise, which may constrain an
operating condition.

[0027] However, in order to rotate the BLDC motor, itis
only necessary to identify a timing of the phase change
(which corresponds to switching between magnetic fields
N and S), and it is not necessary to constantly flow the
bias current. Specifically, when a point where Hall signals
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IN1 and IN2 have the same potential is reached, the
output of the FG signal, which is a position detection
signal in a subsequent stage, is inverted, and a timing
of switching of FG signal output is used in a subsequent
control. As long as the timing of switching of FG signal
output, that is, a timing at which the Hall signals IN1 and
IN2 have the same potential is identified, it is not neces-
sary to apply the bias current at a level capable of out-
putting the Hall signals during a time period otherthan the
timing identified above.

[0028] Therefore, in the present disclosure, by provid-
ing the bias adjuster 4, the bias voltage is greatly reduced
during a time period other than a given timing necessary
for control, that is, during a time period other than a
predetermined time period immediately before a phase
change of the FG signal.

(Bias Adjuster)

[0029] Hereinafter, the bias adjuster 4 and the position
detection signal generator 21 will be described in detail
with reference to FIG. 3. FIG. 3 is a functional block
diagram illustrating the bias adjuster 4 and the position
detection signal generator 21.

[0030] As described above, the bias adjuster 4 in-
cludes an oscillator 41, a timer 42, a rotation stability
determination unit43, a control signal generator44,anda
Hall bias output unit 45.

[0031] More specifically, the timer 42 includes a half-
period timer 421 and an intra-period counter 422. The
half-period timer 421 is a first measurement unit and
measures a fluctuation period T of the magnetic field that
is approximately equal to a rotation period of the rotor in
the motor 5, thatis, a half-period length thatis alength of a
half-period of the FG signal. The half-period timer 421
receives a clock from the oscillator 41, and operates
continuously.

[0032] The intra-period counter 422 is a second mea-
surement unitand counts an elapsed time within a current
half-period of the FG signal. The intra-period counter 422
sets and measures a first period in the current half-period
based on the product of a half-period length of an im-
mediately preceding half-period measured by the half-
period timer 421; and a predetermined value that is less
than 1.

[0033] The rotation stability determination unit 43 in-
cludes a period comparator 431, aregister 432, a stability
check counter433, and a stability determination unit434.
[0034] The register 432 stores the half-period length of
the immediately preceding half-period, and stores a spe-
cified value for the first time only. Each time an output
logic of the FG signal is inverted, the register 432 regis-
ters a half-period length T as a measurement result, that
is, overwrites a register value.

[0035] The period comparator 431 compares a current
half-period length, measured by the half-period timer
421, with any one of a value of the immediately preceding
half-period length stored in the register 432; and the

10

15

20

25

30

35

40

45

50

55

specified value for the first time only. When period lengths
of the immediately preceding half-period and the current
half-period greatly vary, the period comparator 431
causes the stability determination unit 434 to determine
that the bias output control is not required, and causes the
control signal generator 44 to output a low-level signal.
[0036] The stability check counter 433 quantifies and
counts a degree of stabilization. Specifically, the stability
check counter 433 counts every time a change rate of the
current half-period length relative to the immediately
preceding half-period length is less than a predetermined
value (d%). A predetermined value of the change rate is,
for example, approximately 5% to 10%.

[0037] When a count value of the stability check coun-
ter433 is equal to or greater than a predetermined value,
the stability determination unit 434 determines that the
bias output control is required because a change in the
half-period length is small. Then, the stability determina-
tion unit 434 causes the control signal generator 44 to
output a high-level signal. Specifically, the stability de-
termination unit 434 controls the bias voltage to be less
than a value that allows for magnetic field detection
during a first period, if the change rate of the current
half-period length relative to the immediately preceding
half-period length is less than a predetermined value fora
predetermined number of times (M times) or more. The
predetermined number of times (M times) is, for example,
2to 8.

[0038] The control signal generator 44 sets the control
signal for the bias voltage to a high level, and outputs the
control signal only if the rotational stability determination
unit 43 determines that the control is required. In this
case, inresponse to a phase change of the FG signal, the
control signal generator 44 outputs the control signal for
the bias voltage in a controlled state during a first period in
the current half-period that is measured by the intra-
period counter 422.

[0039] The first period, which is a period in which the
control signal having the high level (in the controlled
state) is output from the control signal generator 44, is
shorter than the immediately preceding half-period
length, and is equal to the immediately preceding half-
period length excluding a specified proportion (1/N)
thereof. Thatis, such afirst period is defined by a product
of the "immediately preceding half-period length" and a
"predetermined value less than 1," expressed as T X
(N-1)/N. The predetermined proportion (1/N) for the half-
period is, forexample, 1/4 to 1/10, and the predetermined
value less than 1 is 3/4 to 9/10.

[0040] On the other hand, in the control signal gen-
erator 44, a second period, which is a period in which the
control signal is output at a low level, is the remaining
period from the end of the first period in the current half-
period until a subsequent phase change of the FG signal
(Hall signal).

[0041] The Hallbias outputunit45 controls and outputs
the bias voltage to be less than a value that allows the Hall
element 6 to detect the magnetic field while the control
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signal is output at the high level (in the controlled state),
and outputs the bias voltage as a value that allows the
Hall element 6 to detect the magnetic field while the
control signal is output at the low level (which is not in
the controlled state). Specifically, when the control signal
is output at the high level, the Hall bias output unit 45
outputs the bias voltage as a second voltage value thatis
less than the first voltage value during the first period, and
then outputs the bias voltage as a first voltage value that
is a value allowing for the magnetic field detection during
the second period in which the control signal is output at
the low level.

[0042] In this arrangement, during the second period,
whichis a period immediately before a subsequent phase
change of the FG signal (Hall signals), the bias voltage is
adjusted to the first voltage value that allows for the
magnetic field detection. As aresult, a timing of the phase
change of the Hall signals can be detected without miss-
ing the timing. The control by the bias adjuster 4 will be
described in detail with reference to FIGS. 51to 7.
[0043] On the other hand, the position detection signal
generator 21 includes a Hall comparator 211 and a
latching unit 212. The Hall comparator 211 generates
the FG signal. Under a condition in which the control
signal is setto the L level and the electric field allowing for
the magnetic field detection is applied to the Hall element
6, if the level of the Hall signal IN1 is higher than the level
of the Hall signal IN2, the FG signal changes to the H
level. In contrast, when the level of the Hall signal IN1 is
lower than the level of the Hall signal IN2, the FG signal is
maintained at the L level. The latching unit 212 latches
the FG signal during a time period in which the control
signal is high. Then, when the control signal becomes
low, the latching unit 212 unlatches the FG signal.

(Configuration of Hall Bias Output Unit)

[0044] FIG. 4 is a circuit diagram illustrating the Hall
bias outputunit45. The Hall bias output unit45includes a
voltage controller 451 and an output unit452. The voltage
controller 451 includes a constant current source 453, P-
channel FETs M5 and M6, and resistors R1 and R2. The
constant current source 453 is, for example, a regulator
whose output is stable. A P-channel FET M5 that is an
input switch is connected between two resistors R1 and
R2.

[0045] The output unit 452 includes a P-channel FET
M7 connected to a power supply Vcc2. The P-channel
FET M7 is an FET for reverse connection protection.
[0046] When the control signal is low, the P-channel
FET M5 as the input switch is turned off, and the resulting
voltage causes a current Ir generated by the constant
current source 453 to flow into a ground line through both
the resistor R1 having a resistance value of R/a and the
resistor R2 having a resistance value of R X (a-1)/a. In
this arrangement, when the control signal is low, the
output unit 452 outputs the bias voltage defined by the
current Ir X R, where the current Ir is generated by the
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constant current source.

[0047] When the control signalis high, the input switch
M5 is turned on, and the resulting voltage causes the
current Ir generated by the constant current source 453 to
flow into a ground line through the resistor R1 having the
resistance value of R/a. In this arrangement, when the
control signal is high, the output unit 452 outputs the bias
voltage derived from the current Ir X R/a, where the
current Ir is generated by the constant current source.
[0048] That is, when the control signal is low (which is
not in the controlled state), the input switch M5 is turned
off, and as a result, the bias voltage is generated by
multiplying the current generated by the constant current
source by resistance values of the two resistors. On the
other hand, when the control signal is high (whichis in the
control state), the input switch M5 is turned on, and as a
result, the bias voltage is generated by multiplying the
current generated by the constant current source by the
resistance value of one of the two resistors.

[0049] With this approach, the bias voltage value of (Ir
X R/a) when the control signal is high becomes 1/a of the
bias voltage value of (Ir X R) when the control signal is
low. Thus, the bias voltage value and power consumption
associated with the bias voltage become smaller by Ir X
R X {(a - 1)/a} than when the bias voltage value is
expressed by Ir X R/a. For example, 1/a of the bias
voltage that is set low is preferably 1/10 to 1/50, and
therefore, the resistance value of the resistor R1 is much
smaller than the resistance value of the resistor R2.

(Example of Bias Control in Steady State)

[0050] Hereinafter, referring to FIGS. 5 and 6, a signal
behavior when performing the bias control during steady-
state rotation will be described. FIG. 5 is a diagram
illustrating the signal behavior during the steady-state
rotation in the motor drive controller according to one
embodiment. FIG. 6 is an overall flowchart of the bias
control according to the embodiment.

[0051] In a state where there is no bias control before
entering the steady state, as a prerequisite startup op-
eration, the Hall bias output unit 45 is started in step S101
to output, as the bias voltage, a first voltage value (VHB),
which is a voltage value that allows the Hall element 6 to
detect the magnetic field. Then, a clock is generated in
the oscillator 41, and the half-period timer 421 constantly
counts a half-period length, which is a length of the half-
period of the FG signal.

[0052] In such a state, in step S102, when a point
where the Hall signals IN1 and IN2 have the same
potential is reached due to the rotation of the motor
(change in the magnetic field), the point serves as a
starting point of a given period, and the flow after step
S103 starts.

[0053] When the Hall signals become the same poten-
tial in step S102, the output polarity of the FG signal,
which is the position detection signal, is inverted in step
S103. The latching unit 212 latches the FG signal im-
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mediately after the output polarity of the FG signal is
inverted. In response to inverting the output polarity of
the FG signal, the half-period timer 421 for counting the
half-period finalizes the measurement of the half-period
length (a previous half-period length T) of the FG signal at
the timing of phase inversion.

[0054] In step 104, the half-period timer 421 is reset,
and starts measurement of the half-period length of the
FG signal in a current period. At the same time, the half-
period length of the FG signal that has been measured in
step 103 is input to the intra-period counter 422 as a
length T of the half-period (half-period length), and the
intra-period counter 422, which is a second measure-
ment unit, starts counting a first period that extends to a
duration expressed by the half-period length T X (N - 1),
in the half-period.

[0055] Then, in step 105, it is determined that the out-
put control of the Hall bias is required. In response to
inverting the FG signal in step 103, steps 104 and 105 are
performed in parallel. The determination of an output
control status will be described in detail with reference
to FIG. 7.

[0056] If it is determined that the output control of the
Hall bias in step 105 is required, the control signal be-
comes high in step 106.

[0057] Steps 102,103, 104, 105,and 106in FIG. 6 are
performed att1in FIG. 5 with virtually no time difference.
[0058] Onthe otherhand, ifitis determined in step 105
that the output control of the Hall bias is not required, the
control signal is maintained at the low level in step 107,
and the process in steps 108 to 111 is not performed.
[0059] Inresponse to changing the level of the control
signal in step 106, the Hall bias output unit 45 attenuates
the output voltage of the Hall bias to a second voltage
value (VHB/a) in step 108. In conjunction with the above
voltage attenuation, the Hall element 6 cannot detect the
magnetic field due to an insufficient magnetic field, and
the output of the Hall signal is stopped (step 108 is
performed at t2 in FIG. 5).

[0060] In step S109, if a count value reaches a value
expressed by T X (N-1) in the intra-period counter 422, it
is assumed that the first period has ended, and the control
signal for the Hall bias becomes low in step 110. (Steps
109 and 110 are performed at t3 in FIG. 5.).

[0061] When the control signal becomes low, the Hall
bias output unit 45 outputs afirst voltage value (VHB) that
is a normal Hall bias voltage value in step 111. In re-
sponse to this, the magnetic field becomes detectable,
and the Hall element 6 enters a state (detection state)
where the Hall element 6 can detect Hall signals.
[0062] Inresponse to outputting the first voltage value
(VHB) in step S111, a latched state of the FG signal is
released in step S112. (Steps 111 and 112 are performed
att4 in FIG. 5).

[0063] Then, returning to step S102 (t5in FIG. 5), ifthe
point at which the Hall signals IN1 and IN2 have the same
potential due to the rotation of the motor (change in the
magnetic field) is reached, a second period within a given
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half-period ends simultaneously with the end of the given
half-period.

[0064] Atthe same time, a timing of the point at which
the Hall signals IN1 and IN2 have the same potential due
to the rotation of the motor (change in the magnetic field)
in step S102 (t5 in FIG. 5) is used as a starting point of a
subsequent half-period. Then, the process in steps S102
to S112 is repeated.

[0065] Specifically, during a subsequent period Tb,
steps S102, S103, S104, S105, and S106 are performed
at t5; step S108 is performed at t6; steps S109 and S110
are performed at t7; and steps S111 and S112 are per-
formed at t8. In a subsequent period Tc, S102, S103,
S104, S105, and S106 are performed at t9; S108 is
performed at t10; S109 and S110 are performed at t11;
and S111 and S112 are performed at t12. With this
approach, the process is repeated.

[0066] Here, the rotational speed of the single-phase
motor 5 changes slightly due to external factors or the
like, and thus half-period lengths of the half-periods Ta,
Tb, and Tc of the FG signal change slightly. The first
period, which is a bias voltage control period in which the
output of the bias voltage is controlled to be reduced, is
determined based on the half-period length of an imme-
diately preceding half-period. In this arrangement, when
the half-period length of the immediately preceding half-
period is long and a current half-period is short, a per-
centage of a given first period in the immediately preced-
ing half-period is increased, like the period Tb. On the
other hand, when the immediately preceding half-period
is shortand the current half-period is long, the percentage
of the first period in the half-period is decreased, like the
period Tc.

[0067] As described above, according to the present
embodiment, in the first period (derived from (N-1)/N),
which is a period from immediately after detecting the
phase change of the Hall signals until just before occur-
rence of a subsequent phase change, the Hall element
outputs a second voltage value (VHB/a) that is obtained
by controlling the bias voltage to be lower than a value
allowing the Hall element to detect the magnetic field. On
the other hand, during a second period other than the first
period, the bias voltage that is set to the first voltage value
(VHB) that allows for magnetic field detection is output.
[0068] During the control period of the bias output,
phase change detection of the Hall signals is not per-
formed, and the current consumption of the Hall bias
output unit 45 is reduced.

[0069] For example, in the comparative example of
FIG. 2, when the power voltage is 24 V, the regulator
output voltage is 1.3 V, and the bias current is 5 mA, the
Hall sensor consumes power of 6.5 mW, derived from 1.3
V x5 mA, and the regulator output unit consumes power
of 113.5 mW, derived from (24 V - 1.3 V) X 5mA.
[0070] On the other hand, according to the present
embodiment, the power consumption of the Hall bias
when the rotation of the motor is stable can be reduced
by (N-1)/N X (1 - 1/a2) X 100 (%) as compared to when
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there is no Hall bias control. Here, when the control of the
present embodiment is executed under the same condi-
tion asin FIG. 2, forexample, when N =8 and a = 30, the
power consumption becomes 15.1 mW (12.6 %), and the
power consumption of the Hall bias can be reduced by
87.4 %. As described above, by controlling the Hall bias
voltage according to the present embodiment, the power
consumption of the Hall bias can be greatly reduced as
compared with when there is no Hall bias control.
[0071] As described above, in the present embodi-
ment, the Hall sensor is biased only in the vicinity of a
required timing to detect a timing of the phase change. As
a result, the bias current during an unnecessary period
can be reduced, and the power consumption can be
greatly suppressed.

[0072] In addition, the bias voltage itself is maintained
even during an unnecessary period of detection by the
Hall sensor, and thus on-off switching does not occur and
switching noise does not occur. By maintaining an idling
current with a low bias voltage value, the operation can
smoothly transition to an intended mode after returning to
a high bias voltage value.

[0073] However, during a rotation unstable state such
as startup or deceleration for shutdown, rather than a
steady state, there may be significant changes in FG
periods before and after because one or more FG periods
are unstable. For example, in an operating mode in which
acceleration of a rotational speed increases, such as
startup or rotational speed changes, when the Hall bias
control of the present embodiment is performed, such as
when the rotation speed is started or when the rotation
speed control input changes (change in a rotation
speed), a phase change of the Hall signals occurs during
a half-period, derived from (N-1)/N, in which the bias
voltage is set low with reference to the immediately
preceding half-period. As a result, a fluctuation period
T of the magnetic field may not be detected accurately,
and thus the FG signal may fail to switch.

[0074] Therefore, according to the present embodi-
ment, the Hall bias control is not performed during the
following periods: a period from the start of the motor until
the rotation speed of the motor stabilizes, a period from
the input of a control command to change the speed until
the motor speed stabilizes, and a period from the detec-
tion of a motor lock to restart the motor until the rotation
speed of the motor stabilizes. That is, the first voltage
value VHB, which is a Hall bias voltage allowing for
continuous magnetic field detection, is output to bias
the Hall sensor.

[0075] Then, itis determined whether to perform con-
trol to reduce the bias voltage, and the Hall bias control is
performed only when the rotation speed stabilizes.
[0076] Hereinafter, the determination of whether to
perform control to reduce the bias voltage will be de-
scribed with reference to FIGS. 3 and 7. FIG. 7 is a
detailed flowchart for the determination whether to per-
form the bias control according to the present embodi-
ment. The determination related with the bias control is
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performed atthe timing of S105in FIG. 6, thatis, between
t1 and t2 in FIG. 5.

[0077] Inanunstable period before entering the steady
state, the half-period timer 421 constantly counts the half-
period length in accordance with an output clock, the Hall
bias output unit 45 outputs the first voltage value VHB,
which is a normal Hall bias voltage. A predetermined
maximum value is set in the register 432.

[0078] The flow of FIG. 7 is executed in parallel with
S104 upon completion of the period measurement by the
half-period timer 421 in S103 in FIG. 6.

[0079] Instep S501,the register 432 updates aregister
value with the current half-period length that is measured
by the current half-period timer 421, and stores the
updated register value.

[0080] In parallel with S501, in S502, the stability de-
termination unit 434 compares the current (immediately
preceding) half-period length (measurement value) by
the half-period timer 421, with a stored value in the
register 432. The stored value in the register 432 roughly
corresponds to the half-period length of the previous
cycle. However, if this process is first executed, the
maximum value set in the register 432 is used instead
of the stored value in the register 432.

[0081] Instep 503, ifachange in the half-period length,
which is a current timer measurement value, relative to
the above stored value is = d% or more, it is determined
that the rotation is unstable, and in step 505, the count
value of the stability check counter 433 is reset to zero. In
step 508, the stability determination unit 434 determines
that the output control of the Hall bias is not required. With
this approach, if it is determined that the output control of
the Hall bias is not required, the output control signal is
maintained at the low level (step 510).

[0082] Ontheotherhand,ifthe resultis NOin step 503,
itis determined that the change in the current half-period
length relative to the previous half-period length is small,
and in step 504, the count value of the stability check
counter 433 is incremented by 1.

[0083] Thereafter, it is determined whether the count
value of the stability check counter 433 incremented in
step 505 is equal to or greater than M (M is a natural
number equal to or greater than 2). If the count value is
equal to or greater than M (YES), the stability determina-
tion unit434 determines that the output control of the Hall
bias is required (step 507). Then, the control signal to
control the Hall bias output is set to the high level (step
509).

[0084] As described above, in addition to the fact that
variations are small by comparing the current half-period
length with the previous half-period length in step 503, the
output of a second voltage value during the first period,
which is in the bias control of an attenuated voltage, is
started after it is confirmed in step 505 that an accumu-
lative change in half-period lengths is small for M or more
half-periods.

[0085] With this arrangement, in the present embodi-
ment, by performing the Hall bias control only in a state
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where the rotational speed is stable while suppressing
the power consumption, a given timing of switching the
FG signal can be reliably and accurately detected without
missing the given timing of signal switching. As a result,
the motor can be driven and controlled.

(First Modification)

[0086] In the embodiments, although the magnetic
sensor for detecting the magnetic field of the motor is
described using an example of the Hall element, a spe-
cific type of magnetic sensor capable of detecting the
magnetic field of a rotating motor as a magnetic signal is
not limited, and any other magnetic sensor such as a
magneto resistance (MR) sensor may be used.

(Second Modification)

[0087] In FIG. 1, each switch of the H-bridge circuit is
described using the FET, but the switch of the H-bridge
may be a bipolar transistor.

(Third Modification)

[0088] Inthe motordriver ofthe motordrive controllerin
the present disclosure, not only to a single-channel H-
bridge but also a 1.5-channel H-bridge (three half-
bridges) can apply to the BLDC motor.

[0089] The preferred embodiments and the like are
described in detail above. However, the present disclo-
sure is not limited to the brushless DC motor, and is
applicable to a stepping motor equipped with a magnetic
sensor. Various modifications and substitutions can be
made to the above embodiments and the like without
departing from the scope of the present disclosure.
[0090] Inthe presentdisclosure, a motor drive control-
ler reliably detects a timing of a phase change of mag-
netic signals, and reduces a bias current during an un-
necessary period without generating switching noise,
thereby suppressing power consumption.

Claims

1. A motor drive controller for driving a brushless direct
current (DC) motor, comprising:

a motor drive unit configured to drive the brush-
less DC motor;

a magnetic sensor configured to detect a mag-
netic field generated by rotation of the Brushless
DC motor and output the magnetic field as each
of magnetic signals; and

a bias adjustment unit configured to adjust and
output a bias voltage used in magnetic field
detection that is performed by the magnetic
sensor,

wherein the bias adjustment unitis configured to
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adjust the bias voltage to a second voltage
value lower than a first voltage value that
allows the magnetic sensor to detect the
magnetic field, during a first period after a
phase change of the magnetic signals, and
adjust the bias voltage to the first voltage
value during a second period from an end of
the first period until a subsequent phase
change of the magnetic signals.

2. The motor drive controller according to claim 1,
further comprising:

a signal generation unit configured to output a
position detection signal whose phase changes
in response to the phase change of the magnetic
signals generated by the magnetic sensor,
wherein the bias adjustment unit includes

a first measurement unit configured to mea-
sure a half-period length of the position
detection signal, and

a second measurement unit configured to
measure a first period in a current half-per-
iod, based on a product of a half-period
length of an immediately preceding mea-
sured half-period and a predetermined va-
lue that is less than 1.

3. The motor drive controller according to claim 2,
wherein the bias adjustment unit includes

a control signal generator configured to output,
in a controlled state, a control signal to control
the bias voltage during the first period in the
current half-period measured by the second
measurement unit, in response to a phase
change of the positional detection signal, and

a bias output unit configured to output the bias
voltage as the second voltage value while out-
putting the control signal in the controlled state.

4. The motor drive controller according to claim 3,
wherein the bias output unit includes an input term-
inal, a constant current source, two resistors, and an
input switch coupled between the two resistors,

wherein upon occurrence of a condition in which
the control signal is not in the controlled state,

the input switch is configured to be turned off
such that the bias voltage is generated by multi-
plying a current generated by the constant cur-
rent source by a resistance value that is ob-
tained using the two resistors, and

wherein upon occurrence of a condition in which
the control signal is in the controlled state, the
input switch is configured to be turned on, and
the bias voltage is generated by multiplying the
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current generated by the constant current
source by a resistance value of one of the two
resistors.

The motor drive controller according to claim 2,
wherein the bias adjustment unit includes a rota-
tional stability determination unit configured to com-
pare an immediately preceding half-period length
with a half-period length before the immediately
preceding half-period length, to determine whether
to adjust the bias voltage, and

wherein the immediately preceding half-period
length and the half-period before the immediately
preceding half-period length are configured to be
measured by the first measurement unit, the imme-
diately preceding half-period being measured imme-
diately before the phase change of the magnetic
signal.

The motor drive controller according to claim 5,
wherein the bias adjustment unit is configured not
to adjust the bias voltage to the second voltage value
during the first period in a current half-period, upon
occurrence of a condition in which a change rate of
theimmediately preceding half-period length relative
to the half-period before the immediately preceding
half-period length is equal to or greater than a pre-
determined value.

The motor drive controller according to claim 5,
wherein the rotational stability determination unit
includes a stability check counter configured to count
every time the change rate of the current half-period
length relative to an immediately preceding half-
period length becomes less than a predetermined
value, and

wherein the rotational stability determination unit is
configured to adjust the bias voltage to the second
voltage value during the first period in the current
half-period, upon occurrence of a condition in which
the change rate of the first half-period length relative
to the second half-period length is less than a pre-
determined value for a predetermined number of
consecutive occurrences or more.

A method for controllably driving a motor, for apply-
ing a drive voltage to a brushless direct current (DC)
motor via a motor drive unit, comprising:

outputting a position detection signal whose
phase changes by a phase change of magnetic
signals that are generated by a magnetic sen-
sor;

measuring, by a first counter, a half-period
length corresponding to a phase change of
the position detection signal;

measuring, by a second counter, a first period in
a current half-period, based on a product of a
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half-period length immediately before the first
counter measures the half-period length and a
predetermined value that is less than 1; and
adjusting and outputting a bias voltage used in
magnetic field detection that is performed by the
magnetic sensor,

wherein the adjusting of the bias voltage in-
cludes,

adjusting, during the first period after the
phase change of the magnetic signals, the
bias voltage to a second voltage value that
is lower than a first voltage value that allows
the magnetic sensor to detect the magnetic
field, and

adjusting, during a second period from an
end of the first period until a subsequent
phase change of the magnetic signals, the
bias voltage to the first voltage value.
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_sto1 FIG.6
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